The aim of present study was to investigate the attenuating effects of Adenanthera pavonina L., Leguminosae-Mimosaceae seeds aqueous extract (APSAE), in streptozotocin (STZ)-induced diabetic neuropathy in rats. APSAE (50, 100 and 200 mg/kg per day) was given to diabetic rats for twelve weeks. Cold and hot water tail immersion tests, photoactometer and Rota-rod tests were performed to assess degree of colder, thermal, spontaneous motor activity and motor co-ordination changes respectively at different time intervals i.e., week 0, 4, 8 and 12. Tissue superoxide anion and total calcium levels were determined after twelve weeks to assess biochemical alterations. Histopathological evaluations of sciatic nerve were also performed to assess nerve damage. APSAE treatment increased tail fl ick latency signifi cantly in diabetic rats. APSAE also reduced superoxide anion and total calcium levels. These results suggested that APSAE has attenuated development of diabetic neuropathy in streptozotocin-induced diabetic rats when compared with pregabalin (10 mg/kg, p.o.) and could be benefi cial in preventing the progression of diabetic nephropathy.
Introduction
Neuropathy is a common and costly complication of both type 1 (T1DM) and type 2 diabetes (T2DM). The prevalence of neuropathy is estimated to be about 8% in newly diagnosed patients and greater than 50% in patients with long-standing disease (Boulton et al., 2005 ). An estimated 15% of all patients with diabetes will develop foot ulcers (Gordois et al., 2003) , and diabetic neuropathy is the leading cause of nontraumatic limb amputation (Thomas et al., 1999) . In recent years, considerable progress has been made toward understanding the biochemical mechanisms leading to diabetic neuropathy, and as a result, new treatment modalities are being explored.
Pain after injury to the nervous system (neuropathic pain) is a major chronic pain condition that remains diffi cult to treat. Both peripheral and central mechanisms of neuropathic pain have been proposed by various researchers (Carlton et al., 2009; Muthuraman et al., 2010a) . Neuropathic pain associated with peripheral nerve injury is characterized by the sensory abnormalities such as unpleasant abnormal sensation (dysesthesia), an increased response to painful stimuli (hyperalgesia), and pain in response to a stimulus that does not normally provoke pain (allodynia) (Woolf & Mannion, 1999) . Peripheral neuropathic pain is frequently observed in patients with long standing diabetes, cancer, AIDS, leprosy, cervical disc protrusion and foraminotomy and after surgery (Alston & Pechon, 2005; Garg et al., 2010; Shaladi et al., 2009; Weisz et al, 2010) . Chronic constriction injury of sciatic nerve induced painful neuropathy is a widely employed model for induction of neuropathic pain in experimental animals (Bennett & Xie, 1988) . Conventional analgesics like non-steroidal anti-infl ammatory drugs and opioids are ineffective clinically in attenuating neuropathic pain. Further, tricyclic anti-depressants (i.e., amitriptyline, nortriptyline and imipramine) and anti-convulsants (i.e., phenytoin, carbamazepine, gabapentin, lamotrigine and topiramate) have also been reported to produce antiallodynic effects in neuropathy (Lee et al., 2000; Dwight, 2006) . However, these drugs are reported to exhibit a wide spectrum of adverse effects which limit their full clinical exploitation in management of painful neuropathy (Carol & Jane 2006; Hama et al., 2010) . Moreover, none of the medications assessed in randomized controlled studies conducted has been found effective in Complex Regional Pain Syndrome i.e. CRPS (Kumar et al., 2007; Thomson & Jacques, 2009 (Comelli et al., 2008; Kanter, 2008; Kim et al., 2009; Muthuraman et al., 2008a; Wirth et al., 2005) . Therefore, there is an ample scope of new medicine from plant origin to combat the neuropathic pain conditions. Some recent clinical reports have also advocated beneficial effect of drugs from plant origin in neuropathic pain conditions (Babbar et al.,2009; Ellis et al.,2009; Nurmikko et al., 2007) .
Adenanthera pavonina L., LeguminosaeMimosaceae, is a deciduous tree, 18-24 m tall, bole erect and 60 cm in diameter. Many species of Adenanthera, including A. pavonina, have been used as traditional herbal medicine against a variety of diseases. The plant is reported to have a wide range of biological activities, such as astringent and styptic (used in diarrhoea, haemorrhage from the stomach, haematuria), antiinflammatory (in rheumatic affections, gout). Seeds are used as anticephalgic and also used for the treatment of paralysis. The seeds contains an anti-inflammatory active principle, O-acetylethanolamine. The leaves contain octacosanol, dulcitol, glucosides of β-sitosterol and stigmasterol. The bark contains stigmasterol glucoside (Khare, 2007) . Traditionally, the ground seed is widely used for the treatment of various human ailments such as treatment of boils, inflammation, blood disorders, arthritis, rheumatism, cholera, paralysis, epilepsy, convulsion, spasm and indigestion (Burkill, 1966; Balogun & Fetuga, 2004) . Phytochemically, the seed and its pod contain glycosides, saponins and steroids (Howes, 1974; Yadav et al., 1976) . A new five-membered lactone ring compound, parvonin was isolated from the methanol soluble part of A. pavonina oil extracted from the seed has been reported to have membrane-stabilizing activity by reducing lytic effect on erythrocytes, exhibited by many intravenous drugs (Muhammad et al., 2005; Anna et al., 2006) . The methanol seed extract has also been reported to demonstrate anti-inflammatory and analgesic activities (Olajide et al., 2004) . However,usefulness of Adenanthera pavonina in stz-induced diabetic painful peripheral neuropathy remains to be explored. Therefore, the present study has been designed to investigate the ameliorative effect of Adenanthera pavonina in neuropathic pain in streptozotocin-induced diabetic rats. 
Material and Methods

Collection of plant material
Chemicals
Streptozotocin (STZ) was purchased from Sigma chemical company, Bangalore. All other chemicals used in the experiments were purchased locally (Merck and S D fine Chemicals) and were of analytical grade.
Preparation of aqueous extract
The powdered seed material was macerated with distilled water for 48 h at room temperature with occasional stirring. It was then filtered through whatmann filter paper. The filtrate was air dried and stored in refrigerator for further use as an APSAE. (Adenanthera pavonina seed aqueous extract). The yield of the extract was 2.5% (w/w). During experiment the crude extract was diluted with distilled water just before administration to animals (Jain, 1968; Gupta et al., 2004 ) .
Induction of diabetes
Diabetes was induced in male Wistar albino rats aged 2-3 months (180-200 g body weight) by intraperitoneal administration of STZ (single dose of 55 mg/kg b.w.) dissolved in freshly prepared 0.01 M citrate buffer, pH 4.5 (Sharma et al., 2008) after 72 h rats with marked hyperglycemia (fasting blood glucose ≥250 mg/ dl) were selected and used for the study. All the animals were allowed free access to tap water and pellet diet and maintained at room temperature in plastic cages, as per the guidelines of Institutional Animal Ethics committee of M.E.S.College of pharmacy (MESCOP/IAEC/07/2010).
Experimental design
To investigate the effects of APSAE, the animals were divided into six groups each consisting of six animals:
Group 1: Untreated normal rats Group 2: Untreated diabetic rats Group 3: Diabetic rats treated with pregabalin 10 mg/kg b.w Group 4: Diabetic rats treated with 50 mg APSAE/ kg b.w.
Group 5: Diabetic rats treated with 100 mg APSAE/kg b.w.
Group 6: Diabetic rats treated with 200 mg APSAE/kg b.w.
After an overnight fast, APSAE suspended in distilled water was fed to the Group 4, 5 and 6 rats by gastric intubation using a force feeding needle.Group1 and 2 rats were fed with water alone. Group 3 rats were fed with standard drug pregabalin a day orally daily upto twelve weeks.
Behavioural studies
Cold and hot water immersion tests
Cold and hot water immersion tests were carried out according to the method described by Sharma et al. (2008) . In the cold immersion test, the tail of the rat was immersed in cold water maintained at 10 °C, while in the hot water immersion test; the tail was immersed in hot water maintained at 52 °C. In both tests, basal tail flick latency (withdrawal response of tail) or signs of struggle were observed. The cut off time was 15 s. Cold and hot immersion tests were carried out at 0, 4, 8 and 12 weeks in normal and streptozotocin diabetic untreated and treated rats and changes in tail flick latency in all groups were compared with standard drug pregabalin.
Motor co-ordination test
Motor co-ordination (grip muscle strength) was evaluated by a Rota-rod device as described by Jones & Roberts (1968) with slight modification of Muthuraman et al. (2008b) . Rats were placed for 1 min on the rotating rod (25 rpm). The time taken for the falling from the roller, during one minute period was recorded.
Spontaneous locomotor (exploratory) activity test
Photoactometer test was employed to assess the effect of drug treatment on spontaneous motor (exploratory) activity. Each animal was observed for a period of 5 min in a square closed field arena (30×30×30 cm) equipped with six photocells in the outer wall. Interruptions of photocell beams (locomotor/exploratory action) were recorded by means of a six digits counter (Goddard et al., 2008) .
Biochemical estimation
All the animals were sacrificed after twelve weeks of treatment after stz-induced diabetes with chemical euthanasia (50 mg/kg, i.p., thiopental sodium). The sciatic nerve and the tissue beneath the sciatic nerve were isolated immediately. Further, the samples were kept in the humidity chamber (maintained at 85% relative humidity and 37 °C temperature) to remove and maintain the moisture content of the collected samples. The sciatic nerve homogenate (10%, w/v) was prepared with 0.1 M Tris-HCl buffer (pH 7.4), and deionised water for total protein and total calcium estimation respectively. Superoxide anion measurement was carried out in sciatic nerve as described method of Wang et al. (1998) . Protein concentration was estimated according to the method of Lowry et al. (1951) , using Bovine serum albumin (BSA) as a standard. The absorbance was determined spectrophotometrically at 750 nm.
Estimation of superoxide anion generation
The sciatic nerve superoxide anion generation was estimated in terms of reduced nitroblue tetrazolium (NBT) as described in the method of Wang et al. (1998) . Briefly, sciatic nerve homogenate react with NBT under certain chemical environment to form formazan as an index of superoxide anion generation. The absorbance of formazan was determined spectrophotometrically at 540 nm.
The quantity of NBT reduction = A x V/(T x Wt x ε x l),
Where, A-The absorbance of blue formazan at 540 nm, V-The volume of the solution, T-The time period (90 min) during which rings were incubated with NBT, Wt-The blotted wet weight of the sciatic nerve, ε-The extinction coefficient of blue formazan (i.e., 0.72 l/mmol/ mm), l-The length of the light path.
Results were reported as picomoles per minute per milligram wet weight of sciatic nerve.
Estimation of total calcium
Total calcium levels were estimated in sciatic nerve according to the method of Severinghaus & Ferrebee (1950) with slight modification of Muthuraman et al., (2008a) . Briefly, sciatic nerve homogenate was mixed with 1 mL of trichloroacetic acid (4%) in ice cold conditions and centrifuged at 2000 x g for 10 min. The clear supernatant was used for the estimation of total calcium ion by atomic emission spectroscopy at 556 nm.
Histopathological evaluation
Samples of distal portion of sciatic nerve were stored in the fixative solution (10% formalin) and cut into 4 μm thickness. Staining was done by using hematoxylin and eosin as described by method of Sudoh et al. (2004) . Nerve sections were analyzed qualitatively under light microscope (450x) for axonal degeneration.
Statistical analysis
The results were expressed as mean±SEM. The statistical analysis was carried out by using Graph Pad Instate version 5. Statistical difference was tested by using one-way analysis of variance (ANOVA) followed by Dunnette's multiple comparison test. A difference in the mean p value<0.05 was considered as statistically significant.
Results
Cold water immersion test
In STZ-induced diabetic rats during twelve weeks of treatment, the effect of APSAE on tail flick latency in all the experimental groups of rats were studied at 0, 4, 8 and 12 weeks by cold water tail-immersion test. The tail flick latency was significantly decreased in the untreated diabetic rats compared to those in normal rats. Treatment of the diabetic rats with pregabalin, APSAE 50,100 and 200 mg/kg produced a significant increase in tail flick latency when compared with diabetic untreated rats (Table 1) .
Hot water immersion test
In STZ-induced diabetic rats during twelve weeks of treatment, the effect of aqueous extract on tail flick latency in all the experimental groups of rats were studied at 0, 4, 8 and 12 weeks by hot water tail-immersion test. The tail flick latency was significantly decreased in the untreated diabetic rats compared to those in normal rats. Treatment of the diabetic rats with pregabalin, APSAE 50,100 and 200 mg/kg produced a significant increase in tail flick latency when compared with diabetic untreated rats ( Table 2) .
Motor co-ordination test and spontaneous locomotor (exploratory) activity test
Treatment of the diabetic rats with the APSAE (50,100 and 200 mg/kg, p.o.) for twelve weeks did not produced any significant effect on motor coordination and spontaneous motor (locomotor or exploratory) activity of rats as tested on Rota-rod and photoactometer respectively (data not shown).
Biochemical estimation
After twelve weeks of treatment, stz-induced diabetic untreated rats showed a significant increase in the levels of superoxide anion and total calcium in sciatic nerve as compared to normal group. Administration of APSAE (50,100 and 200 mg/kg, p.o.) significantly attenuated diabetes induced increase in the levels of superoxide anion and total calcium levels, in a dose dependent manner. Treatment of pregabalin also produced similar effects on superoxide anion generation However; the vehicle administration did not modulate any alteration in the superoxide anion generation and the total calcium levels ( Table 3) . of calpains has been shown to be responsible for the axonal degeneration by alteration of stability of axonal cytoskeleton protein (Glass et al., 2002) . Several studies evidenced that free radical and calcium mediated oxidative stress and inflammation together play a major role in the pathogenesis of neurodegenerative diseases, such as amyotrophic lateral sclerosis, Alzheimer's disease, Parkinson's disease and neuropathic pain (Muthuraman et al., 2010b; Gao et al., 2007) . Moreover, reactive oxygen and nitrogen species have also been well documented to contribute in the pathophysiological changes in long standing diabetes, toxin, Freund's adjuvant induced inflammation, chronic constriction injury and axotomy of sciatic nerve and ischemia-reperfusion of femoral artery mediated neuropathic pain (Otto et al., 2003) . In the present study, APSAE has been observed to attenuate behavioural, biochemical as well as histopathological changes. Adenanthera pavonina is reported to exert a battery of beneficial effects in various ailments viz; inflammation, blood disorders, arthritis, rheumatism, cholera, paralysis, epilepsy, convulsion, spasm and indigestion. On the basis of data in hand and with support from literature, therefore, it may be proposed that APSAE produced ameliorative effect in stz-induced diabetic painful peripheral neuropathy which may be attributed to its multiple effects viz; antioxidative and neuroprotective actions manifested in the terms of alleviation of behavioural (hyperalgesia and allodynia), biochemical (superoxide anions and total calcium activity) as well as histopathological changes.
Pregabalin [(S)-3-(aminomethyl)-5-methylhexanoic acid or S-(+)-isomer of 3-isobutyl γ-aminobutyric acid] is an
anti-convulsant that successfully treats many neuropathic pain syndromes. Pregabalin is a Selective Cav 2.2 (a2-δ subunit) channel antagonist. It has potential actions like predecessor gabapentin, it's a structural analogue (but not functional) of the gamma aminobutyric acid. Pregabalin has analgesic, anti-convulsant and anxiolytic activities (Kumar et al., 2010) . Preclinical trials have demonstrated an anti-hyperalgesic and anti-allodynic effect of pregabalin in various animal models of neuropathic pain (Bender et al., 2010; Park et al., 2010) . Data of our study also supports these reports. Since pregabalin is well documented to exert
Histopathological evaluation
After twelve weeks of treatment, stzinduced diabetic untreated rats resulted in significant histopathological changes assessed in transverses section of the sciatic nerve. In transverse section nerve derangement, axonal swelling, increase in number of Schwann and satellite cells were also noted. Administration of the pregabalin, APSAE (50, 100 and 200 mg/kg, p.o.) significantly attenuated fiber derangement, swelling of nerve fiber and activation of neuroglial cell (satellite cells and Schwann cells) as marker of histopathological alterations ( Figure 1A-F) .
Discussion
In the present study, Adenanthera pavonina L., Leguminosae-Mimosaceae, attenuated sciatic nerve induced behavioural i.e., thermal and colder (hyperalgesia and allodynia), biochemical (superoxide anion and total calcium) and histopathological (axonal degeneration) changes. However no significant effect on motorcoordination and spontaneous (locomotor or exploratory) motor activity was observed. The behavioural alterations started on 3 rd day after the stz-induced diabetes in rats and lasted throughout the experimental period. These observations are in line with our earlier findings and reports from the other laboratories (Cui et al., 2000) . In response to an injury to a nerve, initial steps of inflammatory reactions, involve the release of proinflammatory mediators from the resident macrophages, Schwann cells and area adjacent to nerve lesion (Marchand et al., 2005) . Neuropathic pain (including CCI of sciatic nerve) has been demonstrated to produce a rise in tissue total calcium levels (Jain et al., 2009) . Calcium ion accumulation has been documented to trigger the secondary messengers i.e., activation of calcium binding protein (calpain and calmodulin) and calcium dependent kinase and phosphatase action. It can alter the homeostasis function of nervous system and enhancement of auto destruction including long term potentiation, long term depression and neuronal hyperexcitation (Young, 1992) . Calcium induced activation 
